In this proposed work, the quantitative label-free imaging of mouse whole brain tissue slices assesses structural information through scattering parameters. In order to accurately quantify the scattering coefficient μs and the anisotropy g of biological tissues, we introduce a modified version of the scattering-phase theorem 1 . The scattering-phase theorem is a recently proposed method which retrieves maps of μs and g from a spatial fluctuation of refractive index (RI). However, this method computes the values of μs and g by assuming uniform amplitude distribution. In order to improve the accuracy of the retrieved scattering parameters, we modified the original method to consider amplitude fluctuation in addition to phase fluctuation. In the following sections, we validate the modified scattering-phase theorem by measuring scattering parameters of known tissue phantoms.
a. Scattering phantom preparation
We prepared an 18 μm thick scattering phantom (Fig. S1a) with the mixture of agarose and polystyrene beads. To make a thin phantom mold, we taped two sides of a cover glass with 18-μm-thick aluminum foils. Next, the phantom solution was prepared by making a solution of 1.05% polystyrene bead (89954-5ml-F, Sigma-Aldrich, 0.985 μm diameter) and 2% lowmelting agarose gel (A9414, Sigma-Aldrich) in deionised water. After the phantom solution was poured in the mold, the solution was pressed by another coverslip on top until it becomes solid. The thickness of the phantom was equivalent to the thickness of the foil, confirmed by measuring with calipers. The computed scattering length (ls~ 200 μm) was eleven times longer than the sample thickness, which is a valid condition for the scattering-phase theorem 1 .
b. Mie scattering simulation for computing scattering parameters of scattering phantoms
As reference values, we numerically predicted the values of μs and g of the scattering phantom using the Mie theory 2 . In the Mie theory, the scattering angle is considered from 0° (forward scattering) to 180° (backscattering), as shown in the following definitions: 
where μs is the scattering coefficient, ρs the number density of dielectric spheres, σs the scattering cross section of each sphere, g the anisotropy, and p(cosθ) normalised angular scattering intensity. In an actual experiment, however, the microscopy setup only receives the angular light scattering information corresponding to the numerical aperture of the objective lens. Since the 2-D field map is acquired with the limited numerical aperture in QPI, the limited angle coverage should be also considered in the Mie scattering simulation for a fair comparison. 
